control strategy for stand-alone photovoltaic (PV) systems through measuring PV array outputs and changing DC/DC converter control signal's duty cycle. The closed loop system stability is guaranteed using Lyapunov's method. This control strategy is simple and robust to irradiance and temperature variations. Simulation results are compared to those obtained using Hill Climbing method and then served to test the control robustness of the developed system. High performances under environmental parameter variations have demonstrated synergetic control usefulness.
I. INTRODUCTION
In recent years, the dramatic environmental issues associated to the huge fossil fuel uses and its severe consequences on cost and energy security are the main driving force behind the extra interest in PV system's alternatives. In fact, solar is not only reliable but easily available into two different forms, as heat energy in solar thermal collectors and in light in solar PV cells for electricity generation. For PV applications, MPPT is implemented since there is a mismatch between the load characteristics and the PV array maximum power points. The changes are related to both solar insolation and cell temperature. The most commonly control techniques are Hill-Climbing, Perturb and Observe (P&O), Incremental Conductance (Inc-Cond), fractional open-circuit voltage (V oc ), fractional short-circuit current control (l sc ) [1] [2] [3] [4] [5] , intelligent methods as artificial neural networks (NN), genetic algorithms and fuzzy logic (FL) [6] [7] [8] [9] . For more details on these methods and related applications on solar energy, PV panel, the readers can refer to [8] [9] [10] [11] [12] [13] [14] and the references therein. The MPPT general requirements are simplicity and low cost, quick tracking under changing conditions, and mainly small output power fluctuation. Thus an efficient monitoring technique, which reduces these constraints and leads easily to get optimal resources, is highly recommended.
Recall that synergetic control (SC) theory was introduced in general terms by Koleskinov [15] . Its application to a single boost converter was introduced in [16] , and some practical aspects with reference to both simulations and actual hardware were discussed in [17] , and [18] [19] . In this paper, a synergetic control is applied to track maximum power of photovoltaic system. Several advantages are in concern: higher precision, better stability, more simplicity and robustness.
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We firstly present, in this paper, the studied system coupled to the proposed MPPT. Then the modelisation of the overall system is developed. Finally obtained simulation results are presented to validate the synergetic control performances in comparison to the Hill climbing method.
II. DESCRIPTION OF THE PROPOSED SYSTEM
The configuration of the studied system is shown in Figure 1 . It consists of a PV array, DC/DC boost converter, synergetic controller, and an output load. 
III. MODELING OF THE SYNERGETIC PROPOSED SYSTEM
A. The PV array model-PV array is a p-n junction semiconductor, which converts light into electricity. When the incoming solar energy exceeds the band-gap energy of the module, photons are absorbed by materials to generate electricity. The equivalentcircuit model of PV is shown in Figure 2 .
It consists of a light-generated source, diode, series and parallel resistances. The present simulation is based on SP75 photovoltaic module datasheet. This module comprises 36 solar cells connected in series in order to produce a maximum output power of 75 W at 17 V.
The parameters of this solar module are given in Table 1 . Figure 3 shows obtained experimental and simulation electrical characteristics P-U and I-U on SP75 panel. Hill climbing involves a perturbation in the duty ratio of the power converter. In the case of a PV array connected to a power converter, perturbing the duty ratio of power converter perturbs the PV array current and consequently perturbs the PV array voltage. From Figure 4 , it can be seen that incrementing (decrementing) the voltage increases (decreases) the power when operating on the left of the MPP and decreases (increases) the power when operating on the right of the MPP. Therefore, if there is an increase in power, the subsequent perturbation should be kept the same in order to reach the MPP and if there is a decrease in power, the perturbation should then be reversed. The process is periodically repeated until the MPP is reached. The system then oscillates around the MPP. The oscillation can be minimized by reducing the perturbation step size. However, a smaller perturbation size will slow down the MPPT. So a solution to this conflicting situation is to dispose of a variable perturbation size that gets smaller towards the MPP [20] [21] . 
ii. Synergetic control
The general synergetic procedure is revisited in this section [16] . The main steps of this synergetic procedure are summarized as follows. Suppose the system to be controlled is described by a set of non linear differential equation of the form where x is the state variable vector, D is the control input vector and t is time.
Start by defining a macro-variable as a function of the state variables:
The control signal will force the system to operate on the manifold
The designer selects then the macro-variable characteristics according to the control specifications (e.g: limitation in the control output, the settling time, and so on). In the trivial case, the macro-variable is a simple state variable combination. This latter process is repeated to define as many macro-variables as control channels numbers. The desired dynamic evolution of the macro-variable is: where T s is design parameter specifying the convergence speed to the manifold specified by the macro-variable equals to zero. Differentiating the macro-variable Ψ (2) along of (1) leads to :
Combining (1), (4), and (5) we obtain Equation (6) finally serves to synthesize the control law D.
Upon solving Eq. (6) for D, the derived control law is expressed as:
From Equation (7), the control output depends not only on system variables but also on selected macro-variable and time constant T s . The designer may choose the controller characteristic through selecting a suitable macro-variable and time constant T s .
IV. SYNERGETIC CONTROL TRACKING OF PHOTOVOLTAIC SYSTEM
In this work, the concept of the synergetic MPPT control is introduced ( Figure 5 ):
The system is written as two state sets equation depending on the switch position.
where C is the capacity, L is the inductance, R L is the resistive load, D is the duty ratio control input ∈ [0 1]. U o is the output voltage and i L is the inductor current. Note that the equivalent series resistance (ESR) of the inductor and wiring resistance are neglected in this case, so i L is assumed equal to the PV current (I PV ). Eq. (8) is written in nonlinear time invariant system general form.
By selecting the manifold as P PV /I PV = 0, it is guaranteed that the system state will hit the manifold and produce maximum power output persistently.
where Rpv=V PV / I PV is the equivalent load connect to the PV, and I pv the PV current which is equal to i L in this case. The solution of (10) is .
Hence, the manifold is defined as:
Then the desired dynamic evolution of the macro-variable is expressed as:
where
The substitution of Ψ´ from Eq. (13) into the functional equation (12) 
yields to
The time derivative of Ψ ( ) is then written in [22] :
The synergetic control signal is defined as:
Asymptotic stability is obtained using the Lyapounov function candidate:
The derivate of VL is:
Consequently we have:
V. RESULT AND DISCUSIONS
In this section, the simulation results of the studied system are presented.
The obtained results of the synergetic control approach are compared to Hill Climbing values in order to test its robustness. The MPPT system specification used in the simulation is tabulated in Table 2 . To show the effectiveness of the proposed control algorithm, the PV system is modeled and simulated using Matlab/Simulink environment.
For all the simulation results in the [22] , the synergetic control approach is able to maintain the output at optimum point and provides high robustness to external conditions variations.
Now the proposed and the Hill Climbing controllers are compared for irradiance change from 700 W/m² to 1000 W/m² during 0.9 seconds while the temperature is kept constant and equal to 25 °C as illustrated in figure 6 and 7. Obtained results show a good stability in steady state and a better efficiency compared to that of the Hill Climbing control. The study of robustness for both controllers showed that synergetic controller reach the MPP faster (the response time of the Synergetic Control is 0.006 and the Hill climbing is 0.04) than Hill climbing one in the case of irradiance and temperature variation.
VI.CONCLUSION
In this paper an efficient MPPT control strategy based on the synergetic control theory has been developed. The proposed controller has successfully tracked the maximum power point photovoltaic systems under different temperatures and solar irradiances. In Matlab/ Simulink simulation, extensive carried out tests have permitted to ensure the stability of the system and its robustness. In fact, the obtained results have showed an improvement in comparison to Hill climbing technique. The considered synergetic control approach, since analytically simple and easily to build will certainly find track in multitude applications in the near future.
